AbsTrACT
Objectives cardiovascular risk factors are prevalent in the population undergoing non-cardiac surgery. changes in perioperative cardiovascular risk factor profiles over time are unknown. the objective of this study was to evaluate national trends in cardiovascular risk factors and atherosclerotic cardiovascular disease (ascVD) among patients undergoing non-cardiac surgery. Methods adults aged ≥45 years old who underwent non-cardiac surgery were identified using the Us national inpatient sample from 2004 to 2013. the prevalence of traditional cardiovascular risk factors (hypertension, dyslipidaemia, diabetes mellitus, obesity and chronic kidney disease) and ascVD (coronary artery disease, peripheral artery disease and prior stroke] were evaluated over time. Conclusions among patients undergoing major non-cardiac surgery, the burden of cardiovascular risk factors and the prevalence of ascVD increased over time. adverse trends in risk profiles require continued attention to improve perioperative cardiovascular outcomes.
InTrOduCTIOn
Perioperative cardiovascular complications are a significant source of morbidity and mortality for 300 million patients worldwide undergoing non-cardiac surgery each year. 1 Major cardiovascular and cerebrovascular complications, including death, myocardial infarction or stroke, occur in approximately 1 of every 33 hospitalisations for non-cardiac surgery.
2 Patients with the greatest perioperative cardiovascular risk are routinely identified using clinical risk prediction models, such as the popular Revised Cardiac Risk Index (RCRI). [3] [4] [5] The RCRI and other models incorporate cardiovascular risk factors, the presence of atherosclerotic cardiovascular disease (ASCVD) and procedure-specific risks to identify individuals who may derive the greatest benefit from careful medical optimisation prior to surgery. Despite the significance of these clinical factors to predict perioperative risk, the prevalence of ASCVD and its risk factors in patients undergoing non-cardiac surgery has not been reported. We evaluated national trends in cardiovascular risk factors, ASCVD and a simple perioperative cardiovascular risk index among adults age ≥45 years undergoing major non-cardiac surgery.
MeThOds study population
Adults ≥45 years of age undergoing non-cardiac surgery were identified from the Healthcare Cost and Utilization Project's (HCUP) National Inpatient Sample (NIS).
2 The NIS is a nationwide administrative database reporting discharge-level data collected from a 20% stratified sample of hospitals in the USA. 6 Patients undergoing non-cardiac surgery were included if the principal International Classification of Diseases, Ninth Revision (ICD-9) procedure codes represented major therapeutic operating room procedures (HCUP procedure class 4). Clinical Classifications Software principal procedure codes, aggregates of related primary ICD-9 procedure codes, were clustered by major surgical subtypes: endocrine, general, genitourinary, gynaecological, neurosurgery, obstetrics, orthopaedic, otolaryngology, skin and breast, thoracic, non-cardiac transplant and vascular surgery. Subjects who underwent major cardiac procedures (n=1 465 792), cardiac surgery (including cardiac transplantation) (n=5 22 635), bone marrow transplantation (n=16 934), ophthalmological surgery (n=11 458), radiation therapy (n=8216), dental surgery (n=1570) and non-operating room procedures (n=311) were excluded from the analysis.
risk factor and disease prevalence
Major cardiovascular risk factors were defined by the presence of ICD-9 diagnosis codes for hypertension, dyslipidaemia, diabetes mellitus, obesity and chronic kidney disease (CKD). ASCVD was defined by ICD-9 diagnosis codes for coronary artery disease, peripheral artery disease or prior stroke or transient ischaemic attack (TIA). Modified RCRI scores were generated using ICD-9 diagnosis codes for ischaemic heart disease, heart failure, prior TIA or stroke, CKD, diabetes mellitus and high-risk surgery. ICD-9 diagnosis codes for cardiovascular risk factors and comorbidities are presented in online supplementary 
Figure 3
Trends in CAD, prior myocardial infarction and coronary revascularisation over time among patients hospitalised for major non-cardiac surgery. P value for trend <0.001 for prior MI, PCI and CAD and P value for trend=0.11 for CABG. CABG, coronary artery bypass grafting; CAD, coronary artery disease; MI, myocardial infarction; PCI, percutaneous coronary intervention.
Figure 4
Modified Revised Cardiac Risk Index (RCRI) over time among patients hospitalised for major non-cardiac surgery from 2008 to 2013. Modified RCRI score using ICD-9 codes for ischaemic heart disease, heart failure, prior TIA or stroke, chronic kidney disease, diabetes mellitus and high-risk surgery. Due to the introduction of an ICD-9 diagnosis code for prior stroke or TIA in mid-2007, modified RCRI scores were calculated from 2008 to 2013 data. ICD-9, International Classification of Diseases, Ninth Revision; TIA, transient ischaemic attack.
Trends in estimated perioperative risk
Current perioperative care guidelines recommend cardiovascular risk assessment using the RCRI and other clinical risk prediction models. [3] [4] [5] The RCRI incorporates ASCVD diagnoses and select cardiovascular risk factors to score surgical candidates on a scale from 0 to 6, with a higher RCRI associated with greater perioperative risk. Between 2008 and 2013, 16 271 712 (52.7%) of subjects undergoing non-cardiac surgery nationwide had a modified RCRI of 0, 8 532 467 (27.6%) had an RCRI of 1, 3 826 977 (12.4%) had an RCRI of 2 and 2 237 066 (7.3%) had an RCRI of ≥3. The proportion of subjects with a modified RCRI score ≥3 increased by 1.1% (0.22% annually) (from 6.6% in 2008-2009 to 7.7% in 2012-2013, P<0.001; RR 1.16, 95% CI 1.16 to 1.17), as shown in figure 4 .
dIsCussIOn
In a large national cohort of adults ≥45 years of age undergoing major non-cardiac surgery in the USA, the prevalence of cardiovascular risk factors increased over time. Diagnoses of hypertension, dyslipidaemia, diabetes mellitus and obesity were more common in 2013 in comparison with 2004. The prevalence of ASCVD at the time of non-cardiac surgery increased during the study period. Between 2008 and 2013, the years when modified RCRI scores could be determined, we observed an increase in the proportion of patients at high perioperative cardiovascular risk.
This is the first study to report changes in ASCVD and perioperative cardiovascular risk over time in the overall population of patients undergoing major non-cardiac surgery. The increasing prevalence of risk factors and cardiovascular disease in the present analysis may be partially explained by recent trends towards outpatient ambulatory surgical procedures for the healthiest surgical candidates, thereby increasing cardiovascular risk profiles of hospitalised surgical patients over time. 7 8 Still, the trends observed in the present analysis appear to be consistent with those described among the adult population at large. In this analysis, for example, the prevalence of hypertension was similar to the corresponding prevalence reported for similar subgroups based on data from the 2011 National Health and Nutrition Examination Survey (NHANES) survey, 9 and trends in the diagnosis of hypertension also grossly mirrored those reported in the general population. 10 Similarly, diabetes mellitus diagnoses increased in the both perioperative and general populations during the study timeframe. [10] [11] [12] However, not all trends observed in this surgical cohort correlate with those of the general population. Dyslipidaemia, as identified by ICD-9 diagnoses codes, increased markedly between 2004 and 2013 in the present analysis, while significant increases in the age-adjusted prevalence of serum cholesterol ≥200 mg/dL over time were not identified from NHANES data. 10 In light of data demonstrating steady increases in cardiovascular risk over time, it is surprising that perioperative major adverse cardiovascular events declined from 3.1% to 2.6% between 2004 and 2013, driven by reductions in perioperative death and MI, in a recent report using the same national cohort. 2 The mechanisms of these observed declines in perioperative major adverse cardiovascular and cerebrovascular events are uncertain. Despite increasing cardiovascular risk profiles, improved perioperative outcomes may be attributed to improved medical management of cardiovascular risk factors and atherosclerotic disease (ie, antiplatelet therapy and/or statins), minimally invasive or less morbid surgical approaches and techniques, improved anaesthesia care and haemodynamic management and advances in postoperative care to promote early mobilisation and reduce iatrogenic complications. Additionally, among patients with coronary artery disease, improved guidance regarding perioperative risk prediction, optimal timing of surgery after coronary revascularisation and the appropriate use of antiplatelet therapies in the perioperative period may have contributed to these favourable trends. 13 
study limitations
There are a number of limitations to this study. First, the present analysis was performed in a subgroup of adults age ≥45 years, a population enriched for cardiovascular disease and consistent with clinical trials of patients undergoing non-cardiac surgery.
14 Second, the data are derived from ICD-9 diagnosis codes recorded in a large national administrative database and are subject to reporting bias, errors and changes in coding practices over time. Increases in the prevalence of cardiovascular risk factors and cardiovascular disease during the study period, for example, may have been affected by local hospital efforts to improve electronic documentation of administrative data and ensure accurate coding of all clinical diagnoses. 15 Even so, ICD-9 diagnosis codes for cardiovascular risk factors may be under-reported. As discussed previously, data on stroke or TIA and CKD were unavailable for analysis in the earlier years of the study. The prevalence of obesity in this cohort was lower than that reported based on national surveys of the general population, suggesting the potential for undercoding of this risk factor. However, the prevalence of most other cardiovascular risk factors in this cohort are similar to those reported in other large observational studies of patients undergoing major non-cardiac surgery, supporting the validity of these administrative data (online supplementary table 2) . 16 17 Furthermore, the NIS data provide a more complete sample of non-cardiac surgical procedures performed in the USA, with a higher proportion of patients undergoing urgent or emergent surgery, in comparison with prior large prospective cohort studies. 16 Third, increased utilisation of diagnostic screening during the study timeframe, including more frequent use of troponin measurement, CT coronary calcium scoring and angiography, stress testing, magnetic resonance angiography and other imaging modalities to identify vascular disease, may have also affected the reported prevalence of ASCVD. Changes in cardiovascular risk profiles of patients hospitalised for surgery may also be due to the increasing use of ambulatory surgery facilities during this time period.
8 Fourth, the results of clinical laboratory data, including measurements of glucose, lipids, creatinine or cardiac biomarkers, were not available from this administrative dataset to corroborate trends observed from administrative data. Similarly, inhospital medical therapy was also not available to confirm coded diagnoses of hypertension, dyslipidaemia, diabetes or ASCVD.
COnClusIOns
ASCVD was present in nearly one of every four patients undergoing non-cardiac surgery, and cardiovascular risk factors were reported in nearly three of every four surgical patients. Cardiovascular risk factor burden and the prevalence of ASCVD increased among surgical patients over time. Unfavourable changes in perioperative risk profiles and cardiovascular disease prevalence will likely require renewed attention to ensure continued improvements in perioperative outcomes. Cardiovascular disease specialists may play an expanding role in perioperative care in the years to come.
